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AN INVESTIGATION OP THE REPRODUCTIVE STRUCTURES AND SPERM 
OP CERTAIN NEW ENGLAND NUDIBRANCHS
By
Josephine Anne Holman 
Zoology Department 
University of New Hampshire 
1966
The reproductive structures of four New England 
nudibranchs were studied. Species used were Acanthodorls 
pllosa (Ablldgaard, 1789)* Onchidoris fusca (Muller, 1776), 
Dendronotus frondosus (Ascanius,177*0 , and Aeolldla paplllosa 
(Linnaeus, 1761). The sperm of Acanthodorls pllosa were 
studiedby means of electron micrographs to determine the 
ultra structure.
It was found that 0^ fusca possesses only one sperm 
receptacle, the spermatotheca,and a common vagina-oviduct.
A. pllosa possesses two sperm receptacles (spermatotheca and 
spermatocyst ) and a separate vagina entering the spermatotheca. 
A. paplllosa has a definite ampullar region, one sperm 
receptacle, and a common vagina-oviduct as does D_^  frondosus.
In 0_j_ fusca and IL_ frondosus the oviduct is a distinct 
tube which is met by ducts leading from the albumen gland 
and the mucus gland. In A. paplllosa for a short distance 
the oviduot has albumen gland cells forming one side of the 
wall.
The sperm In A^ pllosa possesses an elongate 
aorosome on the anterior end. of the fibrous nuclear head 
which la corkscrew shaped. ' The tall Is of a 9+2 filamentous 
construction with a surrounding sheath composed of mito­
chondria and a spiral granular thread.
Histoohemical procedures were used to localize 
succinic dehydrogenase (nltro-B.T.)» alkaline phospha­
tase (Gomori), ATPase (Gomori modifation), polysaccharides 
(toluldine blue,and Himes-Moriber triple stain), and 
lipids ( sudan black).in the reproductive mass and the 
sperm of pllosa. It was concluded from these tests that 
the sperm do not possess an endogenous source of energy and 
thus depend on exogenous nutrients. This may explain their 
immotllity in the ampullar region and their gaining of 
motility upon reaching the spermatotheca where polysaccharide 
and lipid droplets are present.
Metachromasia differences in the albumen gland 
suggest that there may be two types of secretions from this 
area. Metachromasia also appeared in the distal portion of 
theoviduct, suggesting that one of the three layers seen 
around the spawned ovum, may originate from the oviduct.
It is thus suggested that fertilization occurs in 
the oviduvt at the Junction with the duct from the spermato- 
cyst or spermatotheca. Secretions from the albumen gland 
may aid in the fertilization process.
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I . INTRODUCTION
Nudibranchs, though often passed over rapidly by 
some biologists, form an important and interesting group of 
the marine opisthobranchs. Shell-less and possessing a 
great variety of shapes, sizes and colors, these creatures 
have interested marine biologists since the publication of 
Alder and Hancock1 s monumental Monograph on the British 
Nudibranchiate Mollusa in the early 18005s by the Ray 
Society of London. Classification of the nudibranchs has 
changed many times. Bergh, in 1906, classified the nudi­
branchs according to^the shape of the digestive gland or 
liver; holohepatica for those possessing an unlobed gland, 
notably the dorids, and kladohepatica for those possessing 
branched and lobed digestive glands such as seen in the 
Dendronotacea and Eolidacea. Pruvot Fol (1954) revised this 
terminology using as an additional characteristic the re- 
tractibility of the rhinophores. She added the hetero- 
hepatica which includes the Dendronotacea, while the eolids 
remain as the kladohepatica.
Odhner's (1939) classification, which will be used 
in this paper, utilizes the suborder names and does away 
with the names referring to the digestive gland's condition. 
Under the main heading of Nudibranchia he places four sub­
orders; Doridacea, Dendronotacea, Arminacea and Eolidacea.
Many systematic studies have been done on the ex­
ternal and internal morphology for a variety of species. 
However, descriptions of internal anatomy based entirely on 
gross dissections are often found to be inaccurate. In some 
of the earlier papers, the functions attributed to various 
parts of the reproductive tract were erroneous. Careful
2histological studies have been few and far between. Many 
very detailed descriptions of numerous species such as made 
by Bergh have only served to confuse the interrelations and 
classifications of these species.
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Chambers (1934) has pointed out the existence of 
four basic types of reproductive tracts in nudibranchs (fig. 
1). In all the types the common features are; an ovotestis 
(sometimes referred to as the hermaphroditic gland), a 
hermaphroditic duct,an ampulla (except in type III), a vas' 
deferens, an oviduct, a spermatotheca or receptacle for 
foreign sperm, and a mucus-albumen gland mass.
Type I is unique in possessing a common vagina- 
oviduct (entrance for foreign sperm and exit for the eggs). 
This type is observed in the kladohepatica which according 
to Odhner’s classification includes the Dendronotacea and 
the Eolidacea. Type II and III have an accessory sperm 
receptacle and are found in the holohepatica (Doridacea)
V
3and the Aeolididae respectively. Type IV appears only in 
the Ascoglossans.
Chambers indicates three external openings in most 
cases, though in some instances the vaginal opening is re­
cessed into the oviduct opening so as to give the appearance 
of only two external openings. These genital openings are 
located anteriorly on the right side, between the mantle 
and the foot.
Soon after Alder and Hancock's (1845) initial de­
scription of nudibranchs as possessing a separate ovary (now 
the ovotestis) and testis (present vas deferens), it was 
realized that not only are these animals hermaphroditic but 
they also produce ova and sperm in the same organ, the 
ovotestis. The acini of the ovotestis are seen to produce 
ova on the periphery and sperm in the center (Henneguy,
1925). Some investigators now assume that all the nudi­
branchs are protandrous.
However, if the ova and sperm are produced simul­
taneously, the possibility of self-fertilization within the 
animal arises. Eliot (1910), Crozier (1917), Chambers (1934), 
and Thompson (1961), all hold that no self-fertilization 
occurs. Thompson feels that the sperm released into the 
hermaphroditic duct, though morphologically mature, are not 
mature physiologically . What then is the nature of the 
physiological change which occurs before the sperm is capable 
of fertilizing an ovum?
There is a drastic lack of histological and physio­
logical information on nudibranch reproductive structures. 
Knowledge is needed of the physiological requirements and 
functionings of the gametes. It has been observed by many, 
that the sperm are non-motile as they leave the ovotestis. 
Thompson (1961), states that "in individuals which have
4copulated...motility was instigated by secretions from the 
prostate or from the bursa or both." The lack of investi­
gations into these problems may be due to the difficulties 
encountered in the collection of large numbers of a specific 
species of sufficient size for physiological experiments.
The purpose of the present investigation was three 
fold. First, the knowledge of the morphology of the repro­
ductive system in four New England species was verified and 
corrected. Second, an attempt was made to clarify the 
functions of various portions of the reproductive structures 
by the use of histological and histochemical techniques. 
Third, the ultra structure and some aspects of the histo­
chemistry of the sperm were studied in an effort to discover 
more about the physiological maturation of the sperm and to 
correlate these facts to fertilization of the ovum.
Studies of the morphology of various nudibranchs have 
been undertaken for many years. However, because of the 
primitive equipment used by early investigators, the more 
delicate structures were destroyed or distorted, and because 
of the lack of histological technics the interpretations of 
function were often erroneous. These errors can be clearly 
seen in the anatomical work done by Alder and Hancock (1845). 
Even in Baudelot's (1863) careful work on Doris tuberculata 
and Eolis papillata, one sees gross errors.
In Doris, Baudelot states that the female branch of 
the hermaphroditic duct disappears into the convolutions of 
the mucus gland, and that the ova somehow have access to the 
spermatotheca. He feels that the spermatotheca or the 
"reservoir spermatique" is the area for storage of sperm 
produced in the same individual and that self-fertilization 
of the ova occurs here.
5Chambers1 paper of 1934 accepts the description of 
A. papillosa given by Eliot in 1910. Thus he assumes that 
A. papillosa is triaulic in its reproductive tract.
D. frondosus has been compared to Tritonia in 
anatomy, but in a comparison of its reproductive structures 
to those of Tritonia hombergi, as described by T. E.
Thompson (1961), frondosus differs especially in the 
oviduct, albumen and the mucus glands. From the descriptions 
and diagrams given by Thompson for T\_ hombergi it appears 
that there must exist in this species a rather complex 
mechanism which directs each ova through the many convolu­
tions of the albumen and mucus glands arranged about a 
central lumen. A much simpler construction and explanation 
appears valid for D^ _ frondosus.
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II. MATERIALS AND METHODS
Species Utilized. Four species of New England 
nudibranchs were used in this investigation. These repre­
sent three of the four suborders in Odhner* s 1939 classifi­
cation, World-wide distributions were obtained from Pruvot- 
Fol (1954) and New England distribution from Moore (1964). 
Descriptions are from both Pruvot-Fol and Moore.
Onchidoris fusca (fig. 2a), belonging to the sub­
order Doridacea, has an oval shape with a foot as large as 
the mantle. The dorsal surface is covered by rounded 
tubercles. Color is a beige to gray with dark brown 
markings. There are 20-30 branchial plumes.
This species is found on most shores of the North 
Sea and the Atlantic; England, Greenland, France, etc. In 
New England it ranges from the Bay of Fundy to Woods Hole 
on Cape Cod. The specimens used were collected at Hilton 
Park and Fox Point on Great Bay, New Hampshire.
Acanthodoris pilosa (fig. 2b) also from the suborder 
Doridacea, is oval and has the dorsal surface covered by 
many soft, slender, conical papillae. The colors range from 
a creamy yellow to a deep red-purple. This species has been 
found on the coasts of Scandinavia, England, France, and on 
the Mediterranean. In New England, it is found on the more 
northern coasts. The specimens for this study were collected 
at Cobscook Bay State Park in Northern Maine during the late 
stimmer. They are also found at Hilton Park, N. H. in early 
spring.
Dendronotus frondosus (fig. 3a), belongs to the sub­
order Dendronotacea. Within this species there are vast
6
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9variations in the size and coloration. Large specimens 
may reach 60 mm (Pruvot Fol, 1954). Color ranges from pure 
white, through pink to a mottled reddish-brown. They 
possess 6-8 cerata which are very branched. Their range is 
wide, being found on the Atlantic coasts of Europe and North 
America. The specimens used were collected at Starboard 
Island, Maine.
Aeolidia papillosa (fig. 3b), of the suborder 
Eolidacea, is a large animal with the foot tapering posteriorly 
to an acute angled point. Elongate cerata form two broad 
bands down each side of the dorsal surface. The cerata 
number up to 400 on each side (Moore, 1964). Their color 
is variable. It is an abundant species on the coasts of 
northern Europe, being found on both sides of the English 
Channel. The distribution in New England runs from the Bay 
of Fundy to Woods Hole, Massachusetts. The specimens used 
in this study were collected at Castle Rock, Massachusetts 
and Nubble Light, York, Maine.
Dissection Techniques. Dissection of fresh, living 
specimens was used to verify general reproductive structures 
of A_j_ pilosa and 0_^  fusca. The construction of the small 
dissecting pan utilized may be seen in the Appendix No. I. 
Insect pins, No. 2, were used to secure the animals which 
had been partially anesthetized by cooling for 15-30 minutes 
at 5°C. The dissections were accomplished by the use of 
opthalmic scissors, No. 5 pointed forceps and No. 2 insect 
pins, some of which had bent tips to hold back the tissues. 
Sketches were made of the arrangement of the reproductive 
mass. All dissections were done under sea water, which had 
to be changed at least once in order to remove mucus exuded 
by the animal.
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Serial Sections. Paraffin block preparations were 
made of whole specimens of all four species. Most of the 
animals were relaxed in 8% magnesium chloride prior to being 
fixed in Baker1s formalin or Bouin*s fixative in sea water. 
The entire animal was run through graded alcohols, benzene, 
several changes of paraffin and then embedded. Longitudinal 
and cross sections were cut at 6-8 microns thickness and 
stained with Ehrlich1s hematoxylin and eosin Y, prior to 
being mounted in permount and covered by a coverslip*
Histochemical Staining. The fragility and solubil­
ity of various enzymes and chemical components of the cell 
makes the use of conventional fixation and sectioning 
methods unsatisfactory for histochemical procedures. Thus, 
quick frozen, cryostat sections were used in all the follow­
ing histochemical stains.
The reproductive mass of A_;_ pilosa and 0^ fusca was 
carefully removed from the rest of the body tissues and quick 
frozen in a mixture of isopentane and dry ice. This was 
accomplished by placing the tissue in an aluminum foil ladle 
which floated on the surface of the freezing mixture for 2-5 
minutes. Sections from 4-6 microns thick were cut on an 
International cryostat set at -18°C. For comparison pur­
poses, some of these sections were stained with Erhlich1 s 
hematoxylin and eosin Y. The following procedures were 
used: nitro-blue tetrazolium for succinic dehydrogenase 
(Walker, 1963); Gomori methods for alkaline phosphatase and 
its modification for adenosine triphosphatase (Gomori, 1941; 
Padykula and Herman, 1955); sudan black for lipids (Roths­
child and Cleland, 1952); toluidine blue for detecting dif­
ferences between polysaccharides (Humphries and Hughes,
1959); and Himes-Moriber triple stain for differentiation 
of polysaccharides, proteins and nucleic acids (Himes and
11
Moriber, 1956). Procedures and formulae for all may be 
found in appendices II and III.
Phase Microscope Studies of Sperm. In order to 
study the gross morphology and the motility of the spermato­
zoa, the phase microscope was used. Sperm were extracted by 
a micropipette from the ampulla, the spermatotheca and the 
spermatocyst of A^ pilosa and were suspended in sea water. 
The pH of the sea water was varied in order to see the 
effect of this factor on the motility of the sperm. A 1% 
dextrose in sea water solution was utilized in an attempt to 
preserve the original shape of the sperm by increasing the 
osmotic pressure of the surrounding fluid and thus decrease 
the swelling of the sperm. Photographs were taken at one, 
two, and five minute intervals after removal of the sperm 
from the body. Differences, if any, were noted.
Electron Microscope Studies of Sperm. In most in­
stances ampullar sperm were used for the electron microscope 
studies, because of its abundance and the lack of cellular 
debris and secretory droplets. In order to compare morph­
ology some blocks of spermatocyst sperm were sectioned and 
examined.
Collection of sperm was by micropipettes through a 
small puncture in the wall of the ampulla or the spermato­
cyst. The sperm were found to clump together well enough to 
be placed immediately into a fixative and carried through to 
the plastic. The two most satisfactory fixation methods 
were 2.5% glutaraldehyde in sea water and 3% glutaraldehyde 
plus acrolein. Details of the fixation and dehydration 
procedure may be found in the appendix II.
The embedding was done in plastic cups containing 
araldite. The tissue blocks were trimmed by single edged 
razor blades. Sectioning was done on an LICB Ultratome 
with the sections ranging in thickness from approximately 
300 millimicrons to 600 millimicrons. The sections were 
placed on copper grids.and treated with uranyl acetate and 
lead citrate before being viewed on a Philips 100 c elec­
tron microscope.
III. REPRODUCTIVE STRUCTURES 
Morphology
The terminology to be used in the descriptions of 
the reproductive system will be as defined in Pruvot-Fol* s 
1961 paper, unless it is otherwise stated. There arises a 
problem of terminology in the words diaulic and triaulic, 
referring to the number of branches in the reproductive 
system or to the number of external orifices. In order to 
avoid confusion, the meanings given to the terms by 
Chambers (1934) will be used. Thus diaulic refers to an 
unbranched oviduct regardless of the existence of a spermat­
otheca with a single connecting duct. Triaulic refers to 
the oviduct which after leaving the bifurcation of the 
hermaphroditic duct divides again to form the Cuvier* s Canal 
(the androgynous canal of some authors), which connects the 
oviduct to the spermatocyst. The spermatocyst and/or 
spermatotheca in turn is connected to the external opening 
via the vagina.
The following descriptions of the reproductive 
structures of A^ pilosa, 0. fusca, A. papillosa. and D . 
frondosus are given in order to eliminate some confusions 
and to elucidate questions raised as to functions.
.Dorid reproductive structures were studied in 
Onchidoris fusca and Acanthodoris pilosa. In the general 
appearance of the reproductive mass these two species are 
typical of the whole group (Chambers, 1934). Characteris­
tically the ovotestis forms a layer of cells which is inti­
mately associated with the cells of the digestive gland 
beneath it. This combined mass usually fills the posterior 
half of the body.
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Microscopic examination of the ovotestis reveals no 
definite acini but a loose grouping of cells. In such a 
group the peripheral cells produce the ova while the central 
cells produce the sperm (Pruvot-Fol, 1961). The gametes are 
gathered into tubules that unite in a common hermaphroditic 
duct or efferent canal, which then leaves the ovotestis and 
widens into the ampulla or storage area (fig. 4b). Narrow­
ing again, the duct soon bifurcates into a male branch (vas 
deferens or deferent canal) and a female branch (oviduct).
The convolutions of these two branches with the spermato­
theca (or receptacle for foreign sperm) and its accessories, 
the albumen gland and the mucus gland comprise the anterior 
reproductive mass. The two or three genital openings lie 
between the foot and the mantle on the right side.
The reproductive mass in CL_ fusca may be considered 
as diaulic, although according to Chambers (1934), the tri­
aulic condition is characteristic for the holohepatica.
There is a spermatotheca with a single duct which must be 
used as entrance and exit for the stored sperm. This duct 
or vagina joins the oviduct close to the external orifice 
(fig. 4b). The length of the protrusible portion of the 
penis in this species compares well with the distance from 
the external orifice into the spermatotheca. This has been 
observed by Chambers (1934) and Pruvot-Fol (1961) in 
several species of nudibranchs.
The ovotestis in 0^ fusca is characteristic of the 
dorids, as is the ampulla and the bifurcation of the herma­
phroditic duct into vas deferens and oviduct. In this region 
a special valve has been observed which probably aids in the 
separation of ova and sperm (fig. 6d). Where the hermaphro­
ditic duct divides, the walls of the tubes are found to be 
heavily ciliated. It is possible that these cilia direct
15
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the immotile sperm into the vas deferens. At the entrance 
of the vas deferens there appears a flap-like structure 
with free borders pointing toward the oviduct junction.
The opening is large enough to permit the entrance of sperm, 
but not of an ovum. Because of its larger size, it is 
possible that the ovum catches the flaps and pushes them 
towards the center of the lumen, thus closing the vas 
deferens. Because of the angle at which the hermaphroditic 
duct joins with the oviduct, the ova probably easily con­
tinue on their way down the oviduct.
The valve as seen in CK_ fusca (fig. 6d) differs from 
those described by McGowan and Pratt (1954) for Archidoris 
montereyensis, Chambers (1934) for Embletonia fuscata, or 








i  Fl*ur«6. Hermaphroditic valva variations
A. A_;_ montereyensis after McGowan D. CL_ fusca
and Pratt (1954). E. D. frondosus
B. E_j_ fuscata after Chambers (1934). F. /u_ papillosa
C. T_j_ hombergi after Thompson (1961).
19
most similar description would be that given for A^ _ mon- 
tereyensis , although the flaps face in the opposite direc­
tion.
The vas deferens, after leaving the valve, becomes 
enlarged, not so much in the size of the lumen as in its 
total diameter. Pruvot-Fol (1961) states that often in the 
dorids the prostate does not appear as a separate gland but 
its cells are incorporated into the walls of the vas 
deferens. About two thirds of the way down the much coiled 
vas deferens, the penis begins. The first portion is con­
tinuous with the walls of the vas deferens which narrows at 
this point. It is surrounded by the sheath (fig. 7). Dis- 
tally the penis becomes coiled within its sheath (fig. 8). 
There do not appear to be any stylets or spines on the penis.
Contrary to descriptions of reproductive structures 
in other dorids as well as other groups by most authors, 
the oviduct after leaving the bifurcation does not merge 
with the lumens of the albumen and mucus glands. Although 
the oviduct disappears into this glandular mass, it remains 
as a distinct tube. First to unite with it is the duct from 
the albumen gland. Further along the oviduct merges with 
the vagina and is finally met by a duct from the mucus 
gland (fig. 4b). The only author to give a similar descrip­
tion is Dreyer (1911) for Berghia sp.
The structures in A_^  pilosa resemble those of 0. 
fusca very closely except that there are two receptacles for 
foreign sperm, the spermatotheca and the spermatocyst. The 
vaginal opening is found in the distal wall of the oviduct.
It enters the spermatotheca. A small connecting duct is 
seen between the spermatotheca and spermatocyst while another 
duct leads from the spermatocyst to enter the mucus-albumen 
gland mass where it unites with the oviduct (fig. 4c).
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Figure 7. Penis beginning in 0. fuscg .. (h.p.)
Figure 8. Penis coiled within sheath, 0. fusca. (l.p.)
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All of the figures of reproductive structures are 
diagrammatic and not drawn to scale. Many of the convolu­
tions of the vas deferens, albumen gland, and mucus gland 
have been eliminated for the sake of clarity.
Dendronotus f r ondosusbelonging to the suborder 
Dendronotacea, has been studied by Alder and Hancock (1845) 
and Odhner (1936). The present study fails to confirm 
Odhner’s descriptions of the female portions, the vesicula 
seminalis or spermatotheca, the bursa copulatrix and the 
entrance of the oviduct into the albumen gland. Both Odhner 
(1936) and Pruvot-Fol (1961) agree on a distinct and sepa­
rate prostate gland in the Dendronotacea. This fact was 
verified (fig. 5a).
The ovotestis in D_;_ frondosus appears as a grape­
like cluster of acini in the posterior two-thirds of the 
body. Tubules lead from each of these acini and converge 
to form the hermaphroditic duct. Soon after leaving the 
ovotestis, the hermaphroditic duct enlarges to form a coiled, 
thin walled ampulla. The duct narrows again before bifur­
cating into the vas deferens and the oviduct. The valve 
found in this region is illustrated in figure 6e. Here the 
lumen of the vas deferens and the hermaphroditic duct is 
small and may easily be closed by an increase in the size 
of the hermaphroditic duct as an ovum fills its lumen.
Thus the ovum is directed down the oviduct. Shortly after 
the bifurcation, the oviduct appears to be constricted by a 
short area with muscle fibers in the walls. This constric­
tion probably relaxes as the ova travel down the oviduct 
during spawning.
Shortly after the hermaphroditic valve region, the 
vas deferens enters the prostate gland. This gland is com­
posed of many diverticula with thick walls containing many
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secretory cells. The diverticula all empty into a central 
lumen which forms part of the vas deferens. At the distal 
end of the vas deferens, the penis is found folded within a 
rather bulbous sheath (fig. 5a).
As in dorids, the oviduct in jD^  frondosus is a dis­
tinct tube. In this case it is not surrounded by the 
glandular portions. Collecting ducts from both the albumen 
and the mucus glands joins the common oviduct-vagina. Very 
close to the external opening, a deep pouch-like fold is 
seen in serial sections (fig. 9). This may correspond with 
Odhner's bursa copulatrix which is indicated as being 
located in this position. The writer, however, concludes 
from histological studies and the lack of any sperm in this 
area, that this pouch is not a sac utilized during copula­
tion, but is a fold of the oviduct which allows for its 
expansion during spawning.
The single spermatotheca is a pouch connected to the 
oviduct only by the vagina. Externally there are thus only 
two genital openings and the system according to Chamber1s 
definition is diaulic.
Eliminated from the diagram of these structures are 
the many diverticula and contortions of the vas deferens, 
the prostate and the oviduct. It surprises this investigator 
that the gametes ever find their way to their destination 
and ultimate task. It is possible that all these convolu­
tions were mistaken as part of the glandular mass by previous 
investigators, so giving rise to the idea that the gametes 
actually enter the albumen and mucus glands.
Representing the aeolids, Aeolidea papillosa was 
found to possess a reproductive system resembling, at least 
in complexity, that of D_j_ frondosus. The ovotestis exhibits 
a similar grape-like structure, but the clusters are placed
23
laterally down the body. Collecting tubules converge to 
form the hermaphroditic duct which widens to become the 
coiled ampulla (fig. 5b). The duct after leaving the ampulla 
bifurcates into the vas deferens and the oviduct. The 
mechanism for the separation of the gametes is very simple. 
The first part of the oviduct has heavily ciliated walls, 
and circular muscle constrictions appear at the entrances 
of both branches. The vas deferens aperture is only large 
enough to permit sperm to enter (fig. 6f).
Unlike frondosus, there is no distinct prostate 
gland seen in papillosa. Instead, the secretory cells 
are scattered along the thickened walls of the vas. The 
penis is a cone-like structure of spongy tissue within which 
is coiled the vas deferens. The opening is a very short 
ciliated groove at the tip of the cone. When not extended 
as during copulation, the penis is withdrawn into a pouch 
(fig. 5b).
On leaving the hermaphroditic duct, the oviduct soon 
joins the vagina to enter a small portion of the albumen 
gland. Here the glandular cells form one side of the common 
oviduct-vagina, but this continues for a very short distance. 
A duct from the mucus gland joins the oviduct just prior to 
the opening into a common chamber (fig. 5b).
If one holds to the interpretation given to the term 
triaulic by Chambers (1934), then contrary to the statement 
by Eliot (1910), A_^  papillosa is not triaulic but is diaulic 
having only one connection between the oviduct and the 
spermatotheca.
Histology
Few of the papers describing the reproductive struc­
tures of the nudibranchs go into a detailed study of the 
microscopic anatomy of the organs. Thus exactness as to 
the probable function of some structures is lacking. Since 
the histology of the reproductive mass is similar in all of 
the species studied in this investigation, it will be 
treated as a whole with species differences pointed out 
wherever they appear.
Ovotestis. Alder and Hancock (1845) thought the 
ovotestis was the ovary. Baudelot (1863), and others soon 
discovered its hermaphroditic condition. The acini, whether 
a loose grouping of cells as seen in the dorids, or definite 
lobes as in Dendronotus and Aeolidia, are divided into areas 
of ovum production and areas of sperm production. (Agers- 
borg, 1925; Chambers, 1934; Pruvot-Fol, 1961; Thompson, 1961). 
This is seen in sections stained with Ehrlich’s hematoxylin 
and eosin Y. The acidophilic ova appear in the periphery of 
the acini, while masses of basophilic sperm are found in the 
central portions (fig. 10). Dreyer (1911) felt that the ova, 
as they developed, were pushed to the periphery of the acini. 
As the ovum matures, the amount of yolk inclusion increases 
so that the nucleus is hard to see in stained sections. The 
sperm at maturity are extremely filiform and have lost any 
swellings on the tail (Franzen, 1955).
Meckel (1844), Agersborg (1925), Henneguy (1925), 
and Pruvot-Fol (1961), all claim that nudibranchs are pro- 
tandrous in that the sperm mature first and are expelled 
before the ova are released from the ovotestis. It was
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Figure 9» Out-pocketing of the oviduct in
D. frondosus, (l.p.).
Figure 10. Acinus in the ovotestis of A. papillosa,
(h.p.).
impossible to verify exactly the stage of the reproductive 
cycle for each specimen used, unless one was taken while 
depositing an egg mass or if one spawned while in captivity. 
However, in specimens fixed after known spawning, no ova 
were found in the ampulla or hermaphroditic duct but tbe 
ampulla still contained an abundance of sperm.
On close examination the ovotestis appeared to be a 
mixture of supporting cells, follicular cells (some with 
yolk-like droplets within their cytoplasm), oogonia in all 
stages of maturation, spermatogonia, and mature sperm. This 
held true for all specimens examined. Oogenesis and sper­
matogenesis will not be dealt with here, since these are 
well covered for a variety of species by Agersborg (1923), 
Tuzet (1939), Hsiao (1930), Franzen (1955), and Thompson 
(1961). An oogonia-like nurse cell for the sperm was men­
tioned by Agersborg (1923). The spermatids were seen 
clustered about certain cells but it was difficult to compare 
these to oogonia (fig. 11). In the hematoxylin and eosin 
stained sections, the mature ova appeared as bright pink, 
large, irregular cells, with nuclei hard to discern because 
of large yolk granules (fig. 10). The sperm elongate during 
development and were seen in clusters with heads free or 
attached to small cells. Generally, the entire sperm ap­
peared to be basophilic, but in Aeolidia the heads were 
larger and were slightly acidophilic.
Hermaphroditic Duct. The hermaphroditic duct 
gathers both ova and sperm from the acini. The folded walls 
of the duct were composed of simple cuboidal cells, thus 
providing for enlargement of the duct to accommodate the 
large ova (fig. 12).
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Figure 11. Spermatid cluster around a nurse cell
(under o i l ).
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Figure 12. Wall of the hermaphroditic duct, (h.p.).
The ampulla is actually an enlargement of the herma­
phroditic duct and is a storage area for sperm produced in 
the same individual. The walls are one layer of rather - 
flattened cells. According to the species the ampulla 
assumes a coiled shape or a u-shape before narrowing again 
into a duct. This duct soon bifurcates into vas deferens 
and oviduct where one finds some type of valvular structure 
to separate the ova and sperm into their respective tubes. 
These have already been described. The histology of these 
structures does not vary greatly from that to be given for 
oviduct and vas deferens.
Vas Deferens and Accessories. After the valvular 
juncture with the hermaphroditic duct, the vas deferens con­
tinues with walls of columnar cells surrounded by a basal 
layer- of connective cells. In all (0. fusca, Aj_ pilosa,
A . papillosa) except frondosus these columnar cells are 
also secretory and take the place of a separate prostate 
gland. This was seen in sections of 0_^  fusca (fig. 13) and 
A. papillosa (fig. 14) where the cytoplasm of the cells were 
heavily vacuolated and blebs were seen on the lumen borders 
which stained similarly to droplets found inside and outside 
the cells. In all the species the nuclei were found close 
to the basal layer.
Beside the secretory cells, the walls contain 
columnar cells with ciliated borders. These cells in some 
cases are scattered throughout the tube but in others are 
limited to a specific side of the tube and appear to form 
a ciliated trough down which sperm are probably directed. 
Proceeding down the vas deferens the secretory cells dwindle 
in number and the walls become heavily ciliated. Outside of 
the basal layer, a layer of circular muscle fibers appears.
Figure 13. Secretory cells of the vas deferens in
0. fusca (under oil).
Figure 1^. Secretory cells of the vas deferens in
A. papillosa (under oil).
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In IK_ frondosus a group of diverticula were found to 
form the prostate gland. The thick walls are composed of 
loosely packed columnar cells, with vacuolated cytoplasm 
and nuclei close to the basal layer (fig. 15). The lumen 
is often full of secretions with staining properties similar 
to droplets found within the cells. Goblet shaped cells 
are seen flanked by smaller cells (fig. 16).
Penis. The construction of the intromittent organ 
varies greatly from species to species. This was very evi­
dent in the four species studied. In 0^ fusca and Aj_ pilosa 
the penis is a long slender tube within a sheath. The tube 
has a layer of cuboidal cells with ciliated borders lining 
the lumen. This is surrounded by a layer of circular 
muscle. The sheath appears to be composed of an inner 
spongy layer surrounded by a thin layer of circular muscle 
and connective cells. Towards the distal end of the penis, 
the muscular layer becomes thicker with the possible presence 
of longitudinal fibers as well.
D . frondosus possesses a large, protrusible penis 
folded within its sheath (fig. 5a). The vas deferens forms 
its own coils within the penis. Lining the lumen are 
ciliated columnar cells. Similar cells are found as the 
outer layer of the penis. Between these two layers of cili­
ated cells are two different layers. The outer layer is 
composed of spongy tissue and large spaces which appear to
be blood sinuses. The thick inner layer is made up of
circular muscle fibers (fig. 18).
The penis cone in papillosa is formed by the dis­
tal portion of the vas deferens entering a projection of the 
bulbous pouch which one might refer to as a penal sac. The 
sac and its out-pocketings were noted to be composed of a 
lining layer of sparsely ciliated columnar cells interlaced
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Figure 15. Prostate gland diverticula in
D. frondosus. (l.p.).
Figure 16. Goblet cells of the prostate in
D. frondosus (under oil)
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with muscle fibers (fig. 17). The cone is covered by a 
layer of narrow columnar cells with brush borders. The 
major portion of the cone is a spongy tissue composed of 
irregular cells. Between the spongy layer and the lumen 
wall is a layer of circular muscle. The lumen is lined by 
large ciliated columnar cells possessing clearly visible 
acidophilic nuclei (fig. 17).
Oviduct. Columnar cells with a ciliated border 
also line the oviduct (fig. 19). The walls are folded, thus 
providing for enlargement of the tube during spawning. Of 
the four species studied, only in A_^  papillosa does the 
oviduct become a part of the albumen gland (fig. 20). This 
occurs soon after its junction with the vagina leading from 
the spermatotheca. The oviduct united with the common lumen 
of the gland, and cells filled with glandular secretions 
form part of the tube. However, this condition persists for 
only a short distance. The walls then lose their glandular 
character and become ciliated as before.
Previous studies have described the oviduct in most 
species as disappearing into the albumen gland mass or as 
merging with the lumen of the gland (Pruvot Fol, 1961; 
Thompson, 1961; etc.). The present study has revealed that 
this is not the case in 0^ fusca, A . pilosa and frondosus. 
The oviduct is a tube separate from the glandular mass, al­
though it may be enveloped by either or both the albumen 
and mucus glands. The only report noted by this writer 
which separated the oviduct from the gland mass was given 
by Dreyer (1911) for Berghia sp. In all the above mentioned 
species there are separate entrances into the oviduct for 
the secretions of the two glands.
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Figure 17. Wall of penis in A. papillosa. (h.p.).
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Figure 19. Oviduct wall, general view, (l.p.)
Figure 20. Albumen gland junction with the 
oviduct in A. na-pillosa . (l.p.).
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Albumen and Mucus Glands. The albumen and mucus 
glands form most of the anterior reproductive mass. The 
size and consistancy of these masses are known to vary ac­
cording to the period of the breeding cycle (Henneguy,
1925). The large amount of mucus in 0^ fusca which were 
collected during the spawning season made frozen sectioning 
almost impossible. Both glands were found to be formed by 
large folded tubes and convolutions of thick secretory 
walls. The cells were highly columnar, and stood upon a 
very thin basal layer (fig. 21, 22). Cilia appeared as 
the lumen approaches the oviduct.
Cells of the albumen gland stained a reddish purple 
in Ehrlich's hematoxylin and eosin Y. The cytoplasm was 
full of secretory droplets which often obscured detail (fig.
23). The mucus gland cells are more basophilic than the 
albumen gland cells. Again it appears possible that changes 
in staining qualities observed may be correlated with the 
breeding cycle of the individual and the amounts of mucus 
and albumen present. In both glands the nuclei of the cells 
were seen close to the basal membrane. As described by 
Henneguy (1925), many of the secretory cells were seen to 
have an indented neck area. Cilia were not noted in the 
neck portion (fig. 23), but appeared to arise from the ele­
vated sides or from separate small cells between the secre­
tory cells.
Spermatotheca and Accessories. In most cases there 
is a common vagina-oviduct at the external orifice, but the 
vagina branches off as a separate tube before entering the 
spermatotheca. The distance from the external opening to 
the point of branching varies with the species. The walls 
of the vagina after branching from the oviduct are lined 
with columnar ciliated cells similar to those lining the oviduct.
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Figure 21. Albumen gland cells, (h.p.)
Figure 22. Mucus gland cells (h.p.).
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Figure 23. Secretory ceils of albumen gland
(under oil).
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In three of the four species studied, there was 
only one receptacle for foreign sperm, the spermatotheca.
A . pilosa, however, has in addition an accessory pouch, the 
spermatocyst, which appears to be merely a storage area for 
the motile sperm. The walls of the spermatotheca are com­
posed of irregular secretory cells which possess brush 
borders. Characteristic secretory blebs were seen in 
various stages of secretion in the spermatothecal cells of 
0. fusca (fig. 24). Thus droplets found in the spermatotheca 
may be either prostatic secretions deposited there with the 
sperm or substances produced by the spermatothecal cells.
The wa}.ls of this storage pouch are folded so as to 
form pockets into which the sperm attach by their head 
portion (fig. 25). Often sperm were seen with heads buried 
in the droplet which was loose in the lumen of the sper­
matotheca. Whenever this pouch was found filled with sperm, 
a synchronized wave of sperm tails and an orderly arrange­
ment of sperm was noted on fixed stained sections, thus 
denoting movement of the sperm themselves. This is in con­
trast to the random location of sperm in the ampulla.
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Figure 25. Spermototheca with sperm filling the lumen,
(h.p.).
His tochemis try
In order to further clarify the role of structure in 
the reproductive mass, certain histochemical stains were 
used on frozen sections of A_^  pilosa. Only the results 
which may be considered significant will be discussed.
Enzymatic Stains. The presence of large quanti­
ties of enzymes may be correlated with an active cell. Thus 
the localization of the three following enzymes was attempted; 
succinic dehydrogenase, alkaline phosphatase, and adenosine 
triphosphatase. Each of these enzymes is involved in the 
release of energy by acting as a catalyst for the pro­
duction of ATP, the release of hydrogen ions, or the release 
of energy from the high energy ATP bond. Actively secreting 
cells would be utilizing a higher than average amount of 
energy, therefore one might expect to find energy-releasing 
enzymes localized in or close to secretory cells. For 
instance, succinic dehydrogenase is known to be associated 
with the mitochondria (Barka and Anderson, 1963; Nelson,
1955 ). Mitochondria are found in abundance in secretory
cells.
Sections were treated with nitro-blue tetrazolium 
salt, which picks up the hydrogen ions released by the 
succinic dehydrogenase action on a succinate, thus produc­
ing an insoluble purple formazan (Barka and Anderson, 1963). 
The purple stain appeared abundantly in the walls of the 
vas deferens (fig. 26),in the lower portions of the vagina- 
oviduct (fig, 27),and towards the lumen of the mucus gland 
folds (fig. 28). Little or none was seen in the albumen 
gland. This may be so because of the sparseness of the
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Figure 26. Succinic dehydrogenase localization in
the s p e r m a t o t h e c a , (h.p,).
Figure 27. Succinic dehydrogenase localization
in the vaglna-oviduot, (h.p.).
Figure 28. Succinic dehydrogenase localization




Figure 29• Succinic dehydrogenase localization
in the vas deferens, (h.p.).
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enzyme in this area, not its complete absence . The walls 
of the spermatotheca also precipitated the formazan (fig.
29) .
Alkaline phosphatase is known to be a widely dis­
tributed enzyme. It is localized by the precipitation of a 
calcium phosphate formed from an ortho-phosphoric acid re­
leased by the enzyme action on the p-glycerophosphate sub­
strate. The calcium in the calcium phosphate is then re­
placed by cobalt. Visualization is accomplished by 
substitution of a sulfide for phosphate (Barka and Anderson, 
1963). Sections treated in the above manner had a black- 
brown precipitate very evident in many areas. The precipi­
tate was heavy in the mucus gland and more diffuse, but 
present, in the albumen gland (fig. 30). The walls of the 
oviduct (fig. 31) and muscle layers around the penis were 
well stained (fig. 32). In the spermatotheca not only was 
there precipitation in the walls but also a diffuse precip­
itation in its contents.
The localization of adenosine triphosphatase is 
accomplished by using the same methods as for alkaline 
phosphatase except that an ATP salt is used as the sub­
strate. Here again the mucus gland cells were seen to 
precipitate much cobalt sulfide (fig. 33). Precipitate was 
also seen in the spermatothecal walls where only one sperm 
receptacle was present (fig. 34). When a spermatocyst was 
also present, no precipitation was seen in the spermatotheca 
but some was seen in the spermatocyst walls.
Protein, Carbohydrate, and Lipid Stains. The 
following procedures were undertaken primarily to clarify 
the character of the various secretions from different 
portions of the reproductive mass.
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Figure 30. Alkaline phosphatase localization 
in the mucus and albumen glands, ( h.p.)
Figure 31* Alkaline phosphatase localization
in the oviduct, (h.p.).
Figure 32. Alkaline phosphatase localization




Figure 33* ATPase localization in the mucus gland, 
(h.p.).
Figure 3^» ATPase localization in the spermatotheca,
(h.p.).
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Polysaccharides have been found to be secretions of 
importance in the reproductive mechanisms of many other 
animals. Humphries and Hughes' (1959) investigations on the 
polysaccharide secretions of the newt oviduct pointed to a 
connection between these secretions and fertilizability of 
the egg by the sperm. With this in mind, two tests for 
polysaccharides were run on sections of 0^ fusca and A . 
pilosa. Each of these tests, the toluidine blue stain and 
the Himes-Moriber triple stain, indicate the relative number 
of sulfhydryl groups the mucopolysaccharide possesses by 
the amount of metachromasia seen. The more sulfhydryl 
groups there are, the pinker the stain will appear.
Sections stained with toluidine blue showed inter­
esting differences of metachromasia in the albumen and mucus 
glands (fig. 35). All of the albumen gland cells picked up 
the blue stain but only towards the base of the gland close 
to its duct into the oviduct did any pink tinge appear (fig. 
36). In the mucus gland there was a very strong pink stain­
ing, with a deep purple seen at the border of many cells as 
well as in the lumen (fig. 37).
The Himes-Moriber triple stain is a more diversified 
staining procedure, not only staining for polysaccharides 
which appear in shades of red and purple, but also for pro­
teins in yellows and nucleic acids in blue-greens (Himes and 
Moriber, 1956). Here again a definite difference was noted 
in the staining properties of the albumen and mucus glands. 
The albumen cells stained a red color especially at the 
borders of the cells while the mucus cells were a deep 
purple (fig. 38). Walls of the vas deferens were a combi­
nation of yellow proteins, and pink polysaccharide droplets 
or granules. Smears of spermatothecal contents were also
kS
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Figure 35 • Metachromasia of the mucus gland with 
toluidine blue stain, (l.p.).
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Figure 3&* Metachromasia at the base of the
albumen gland with toluidine blue, (l.p.).
Figure 37* Enlargement of mucus gland cells
with toluidine blue , (h.p.).
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Figure 38. Metachromatic differences in the mucus and
albumen glands (Triple stain t- h.p.).
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stained and it was found that a large amount of polysaccharide 
is present in droplet form. This was not true of the con­
tents of the spermatocyst in A_j_ pilosa, where there was very 
little polysaccharide seen.
Sudan Black was utilised to localize lipids. Of 
particular interest was the presence of lipid droplets in 
the lumen of the spermatotheca and its absence in the 
spermatocyst.
IV. THE SPERM
In an attempt to answer some questions regarding the 
physiological maturation of the sperm and its activation 
before fertilization, studies were made on its motility, 
histochemistry, and structure, both gross and ultra.
Motility. Sperm were removed from various portions 
of the reproductive mass of a freshly dissected animal, 
suspended in a drop of sea water, and examined under oil 
with the phase microscope. Squash preparations of the 
ampulla and the spermatotheca were also utilized. It was 
observed that the sperm stored in the ampulla were non- 
motile. This was also true for sperm taken from any part 
of the vas deferens. Sperm taken from the spermatotheca or 
the spermatocyst were found to be motile, showing synchronized 
undulations of the tails as well as forward spiral movement. 
However, this motility lasted only two to five minutes re­
gardless of the pH of the sea water or the addition of a 1% 
dextrose solution. In the non-motile sperm only sporadic 
and short-lived movement could be induced by alkaline sea 
water.
Seen in Ehrlich’s hematoxylin and eosin Y sections, 
the sperm appeared to be basophilic, very long, and filiform. 
Franzen (1955) has reported nudibranch sperm lengths varying 
from 160 microns to 300 microns with head portions from 6 to 
33 microns. The lengths differ with the species. The 
details of the morphology only become evident with very 
careful preparations. Under the phase microscope, the cork­
screw shape of the head or nucleus, and the spiral filament 
around the tail can be seen (fig. 39). No midpiece or 
acrosome such as described by Retzius (1906) were seen.
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Figure 39.a. Sperm immediately after removal from
the reproductive mass (phase contrast 
under oil ).
Figure 39.b. Spermatothecal sperm 2 minutes after 
removal from the spermatotheca (phase
contrast under oil ).
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Some importance may be attached to the changes which 
were seen to occur in the shape of the sperm while being ex­
amined under the phase microscope. These changes differed 
according to the area of the reproductive mass from which
the sperm were taken. Sperm from the ampullar region had a
narrow corkscrew head (fig. 39) which appeared to merge with 
the tail. This shape was retained up to 24 hours under a 
sealed coverslip. In sperm from the spermatotheca or sper­
matocyst, drastic and immediate changes were seen to occur. 
Within a few minutes the head became swollen and bulbous, 
and a break appeared between the head and tail sheath (fig.
40, 41). The sperm appeared to swim away from the spiral
sheath around the tail filaments. This never was seen to 
occur with ampullar sperm.
Ultrastructure. The electron micrographs of sper­
matocyst sperm (A. pilosa) answered three questions. What 
happens to the mitochondria which are seen in the developing 
spermatids? Franzen (1955) claims that the mitochondria 
form a homogeneous coat around the portion of the tail 
nearest the nucleus and become a part of the spiral mem­
brane. What is the character of the acrosome which was seen 
by Franzen (1955) and Retzius (1906) as an anterior, pointed 
projection on the nucleus? What is the structural composi­
tion of the tail axial filaments?
The nuclear head is composed of fibrous strands 
running parallel to the axis of the head (fig. 42). No 
spiral filament as described by' Franzen (1955) for Archidoris 
tuberculata. was evident on the head. The head itself is 
twisted and surrounded by a double membrane.
At the anterior tip of the head, the acrosome is 
visible as a non-fibrous elongation. Before reaction the 
membrane, extends around the acrosome (fig. 42). When reacted
Figure **0. Spermatothecal sperm begin to shed
tail sheath, (phase contrast under oil-)
Figure *KL. Spermatothecal sperm sheath shedding
complete, (phase contrast under oil).
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Figure kZ. Electron micrograph of sperm head with unreacted
acrosome.
Figure kj. Electron micrograph of sperm head with reacted acrosome.
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V
Figure V+. Enlargement of acrosomal region,
( elec t r o n  m i c r o g r a p h  )
Figure • Enlargement of tail attachment to head,
( electron m i c r o g r a p h  )
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or exploded, the outer membrane is broken and the acrosomal 
region is almost twice as long (fig. 43, 44). This struc­
ture looks much like the acrosomes described by Dan (1952) 
and Colwin and Colwin (1961). Dan reports the sea urchin 
acrosome as Ma pliable sticky tongue". The dense granular 
region and acrosomal granule described by Colwin and Colwin 
in Hydroides hexagonius, are comparable to the dense area 
seen in figure 44 between the nucleus and the acrosome.
Situated at the posterior end of the nucleus is the 
attachment for the tail filaments (fig. 45). Franzen (1955) 
states that the proximal centriole remains in the base of 
the nucleus, while the distal centriole leads the spiral 
membrane down the tail. The ultimate fate of the distal 
centriole was not clear from his paper. Colwin and Colwin 
(1961) hold that in hexagonius, both proximal and distal 
centrioles are found at the base of the nucleus, with the 
distal centriole providing the actual attachment for the 
tail filaments. With careful study of figure 45, two - 
darker areas may be seen in the region of the tail insertion. 
The area closest to the filaments appears as a tube cut longi­
tudinally, while the more anterior one forms a rather in­
distinct oval. These observations tend to lead one to 
believe that the situation is similar to that existing in 
Hydroides. Here the proximal centriole has an axis which is 
oblique to that of the head, and the distal centriole is 
placed parallel with the head.
From the drawings by Franzen and his use of the 
singular "axial filament", when referring to the tail, one 
sees the sperm tail as a single filament. Electron micro­
graphs reveal the tail as a bundle of filaments, with a 9 
plus 2 arrangement, the characteristic arrangement for cilia
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and flagella. Cross-sections of the tail clearly display 
nine outer filaments and two central filaments (fig. 46).
On the electron micrographs, the outer filaments appear to 
be single. A very thin membrane connects each of the outer 
filaments to one of the two inner filaments. A single 
membrane surrounds the whole bundle. These membranes may 
be seen in both cross-sections and in longitudinal sections 
(fig. 46).
Of special interest is the structure of the spiral 
sheath (fig. 47). This appears to be a complete sheath, 
extending to the tip of the tail. The spiral portion is 
a granular thread bordered by mitochondria. The mitochon­
dria are definite triangular organelles, possessing several 
layers of membranes. The composition of the granular thread 
can not be ascertained from the micrographs, but from 
spaces left in many sections it may be said it is probably 
composed of some substance dissolved by the fixation pro­
cedures. The thread terminates before the end of the tail, 
and does not continue on as the mitochondria do (fig. 46).
Visible on all types of sections is a peculiar 
striation along the various membranes. That this is an 
artifact is unlikely since it appears in sections from both 
fixation methods. In some sections the striations givd a 
zigzag appearance to the membrane around the tail.
Samples of ampullar sperm were fixed and sectioned, 
but revealed no morphological differences in the sperm. Of 
interest though was the appearance of sperm held in bundles 
of six or more by a mass of droplets and surrounded by a 
membrane (fig. 48). In some sections sperm heads were seen 
embedded in a cellular mass, possibly a nurse cell (fig. 49).
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Figure ^6.a. Cross sections of tail and sheath.
( electron micrograph )
Figure ^6.b. Longitudinal section of tail and sheath.
( electron micrograph )
Figure k7• Enlargement of sheath longitudinal section^
(electron micrograph)
Figure 4-8. Cross section of* tail "bundle from 
the ampulla, ( electron micrograph)
* vrr^ - 1 * r
Figure 49, Section of* heads in a bundle, from 
the ampulla, ( electron micrograph).
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Histochemistry. Various tests for enzymes as well 
as for polysaccharides, proteins, and lipids were run on 
sperm from the ampulla and the spermatocyst, in an attempt 
to find a physiological difference between the non-motile 
and the motile sperm. No such differences were apparent 
with the tests used. In both types of sperm a precipitation 
of cobalt sulfide was noted in the tail region when incubated 
with an ATP substrate. Nelson (1958) in an electron micro­
scope localization of ATPase in rat spermatozoa reports 
finding the enzyme in the nine outer axial filaments of the 
tail. Brachet (1960) states the same. Nelson also points 
out (1959a) that ATPase and inorganic pyrophosphatase, also 
located in the outer tail filaments, are responsible for the 
undulatory flagellar wave of the tail..."as a function of 
the reciprocal activity of the two enzymes". The ATPase 
acts in the contraction phase and the IPPase in the relaxa­
tion phase since pyrophosphate is one of the naturally 
occurring plasticizing agents (Nelson, 1959a).
When sperm were incubated with nitro blue-tetrazolium 
and a succinate, the purple formazan appeared in the tail 
and its insertion in the head. Electron-micrographs of bull 
sperm indicate succinic dehydrogenase associated with the 
mitochondrial sheath, the mid-piece and the outer filaments 
of the tail (Nelson, 1955). The close association of 
succinic dehydrogenase and ATPase thus supply a continuous 
supply of energy for movement (Nelson, 1959b).
The presence of alkaline phosphatase was hard to 
detect, but there appeared to be an irregular precipitation 
of cobalt sulfide along the tail. This is supported by 
Nelson's (1962) statement that in rat sperm this enzyme is 
localized in the spiral sheath of the tail. When sperm 
from the spermatotheca were incubated, the surrounding semen
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showed the presence of alkaline phosphatase. This has been 
previously noted by Lardy and Phillips (1941) in bull 
s emen.
With the Himes-Moriber triple stain, the sperm 
appeared with a green head portion (DNA) and a yellowish 
(protein) green (possible nucleic acid in the granular 
spiral thread) tail. The sperm did not stain with either 
toluidine blue or sudan black, thus eliminating the possi­
bility of stored nutrients in the form of lipids or poly­
saccharides .
V. DISCUSSION
This investigation has attempted to answer several 
important questions concerning the mechanics and physiology 
of fertilization in nudibranchs. Are nudibranchs truely 
protandrous in that there is a temporal separation between 
the formation of the male and female sex products which 
prevents self-fertilization? What mechanisms prevent self- 
fertilization if they are not protandrous? Where and how 
does the fertilization of the ovum occur? The writer would 
like to discuss these questions in the light of results 
obtained, presenting possible explanations and conclusions 
applicable to these areas.
B o th  t h e  m a le  an d  t h e  f e m a l e  s t r u c t u r e s  a p p e a r  t o  
b e  f u l l y  d e v e l o p e d  a t  t h e  t im e  o f  c o p u l a t i o n  an d  t h e r e  d o e s  
n o t  a p p e a r  t o  b e  an y  d e f i n i t e  c y c l i n g  o f  t h e  d e v e lo p m e n t  
o f  t h e s e  s t r u c t u r e s .  B o th  m a le  and  f e m a l e  g a m e te s  a r e  
fo u n d  m a t u r in g  s i m u l t a n e o u s l y  i n  t h e  o v o t e s t i s  ( f i g .  1 0 ) .
The separation of the gametes is mechanical. The writer 
therefore holds that the four species studied cannot be 
considered protandrous. Chambers (1934) gives a sound argu­
ment for protandry in Embletonia fuscata, but his definition 
of the term is limited to the cyclic release of the differ­
ent gametes. This may hold true for all nudibranchs.
The sperm, as they mature, are found free in the 
central portion of the acini. Being non-motile, they are 
pushed by body movements or swept by ciliary action into 
the hermaphroditic duct and stored in the ampulla. The 
sperm are then propelled on by cilia of the walls of the vas 




Baudelot (1863) reports the finding of sperm and ova 
together in the hermaphroditic duct and the ampulla. In the 
present investigation such a condition was not observed, 
even in specimens known to have recently spawned or which 
had been taken during spawning. In these cases, however, 
the ampulla was found to be only partially emptied of sperm, 
and globules were seen which resembled yolk granules.
The writer suggests that the release of ova from the 
ovotestis is a Sudden phenomenon, started possibly by mus­
cular contractions or a hormonal change. Ova are released 
a short time before spawning and travel rapidly down the 
hermaphroditic duct into the oviduct (Thompson, 1962).
During the journey down the hermaphroditic duct, there is 
every chance that the ova mix with sperm, but on the basis 
of statements made by Chambers (1934), Eliot (1910), Thompson 
(1962), and personal observations of the immotility of the 
sperm in the ampulla, the writer concludes that no self- 
fertilization occurs. Observations of specimens kept in 
aquaria have revealed that both members of a copulating pair 
will spawn. Specimens kept separated for a long period did 
not spawn.
This leads to the question of the nature of the 
mechanism which prevents self-fertilization. Studies on 
sperm motility show they are immotile in the ampulla, and 
become motile only upon reaching the spermatotheca and sper- 
matocyst of the mating partner. In histochemical tests, the 
sperm showed no trace of lipid or polysaccharide content, 
which would be endogenous energy sources. The protein 
content is limited to the structural components. The ampul­
lar contents appeared free of polysaccharide droplets. Thus 
the sperm are without either an endogenous or exogenous
source of energy. Bishop and Mathews (1952) have correlated 
the lack of motility in epididymal and vas deferens sperm in 
mammals with the lack of a carbohydrate substrate. All this 
would strongly suggest that the sperm are indeed incapable 
of fertilizing while in an environment which lacks carbohy­
drates. On the other hand, histochemical stains of the 
spermatothecal contents show the presence of polysaccharide 
droplets. These polysaccharides also appear in the cells of 
the spermatothecal wall, suggesting that the droplets are 
secretions of the wall cells. These secretions probably 
supply the energy necessary for the sperm1 s motility.
The changes which are seen to occur in the shape of 
the sperm taken from the spermatocyst and which do not occur 
in the ampullar sperm, suggest a change in the permeability 
of the cell membrane. Since the reaction of the acrosome 
depends on some trigger substance, this difference in per­
meability would be of extreme importance to the sperm1 s 
ability to fertilize. The increase in respiration rate in 
the presence of necessary substrates and/or the presence of 
a stimulator may supply the impetus or the energy necessary 
for the active transport of these trigger substances across 
the cell membrane. Thus, only after its transfer to the 
spermatotheca of the second individual does the sperm become 
capable of fertilizing an ovum.
The question then arises where and how does fertili­
zation occur? In all the species studied in this investiga­
tion, none were found to possess any specialized fertilization 
chamber. The existence of such a chamber has been reported 
by Chambers (1934) in Embletonia fuscata. McGowan and Pratt 
(1954) hold that in Archidoris montereyensis, the foreign 
sperm travel up from the spermatocyst into the ampulla and 
fertilization occurs there. For 0^ _ fusca, A^ pilosa, D.
frondosus, and A_^  papillosa, the most obvious place for 
fertilization to occur is close to the junction of the 
spermatotheca or spermatocyst and the oviduct.
The presence 6f a sperm activator such as "fertili- 
zin" has been known for some time. The chemical composition 
and action of these activators have recently been clarified. 
The polysaccharide jelly layers around the eggs of the newt 
(Humphries and Hughes, 1959) and those of a frog (Bernstein, 
1952) have been shown to be a vital part of the fertilization 
process. Runnstrttm and Immers (1956) noted that the muco­
polysaccharide, serum albumen, enhanced the rate of fertil­
ization in sea urchin eggs by decreasing the rigidity of the 
egg cortex. It therefore seems probable that the albumen 
secreted into the oviduct is intimately associated with the 
process of fertilization either as an acrosomal activator, 
or as a substance which decreases the rigidity of the egg 
cortex.
The above statements must be taken as possible ex­
planations and not definite conclusions. In order to verify 
the suggested answers to some of the problems of nudibranch 
fertilization, it will be necessary to develop techniques by 
which the fertilization process may be studied in vitro.
Certain sperm are known to lo.se their tail prior to 
entering the egg during fertilization. It would be of 
interest to see if the shedding of the tail sheath observed 
in the spermatothecal sperm can eventually be correlated to 
the actual process of the sperm’s entry into the ovum.
Throughout this study it has been very evident that 
there are huge gaps in our knowledge of the reproductive 
processes of nudibranchs. The questions related to protandry 
and self-fertilization cannot be fully answered until speci­
mens have been raised under controlled laboratory conditions
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with histological and histochemical studies made of all 
stages. So far no nudibranch has been successfully raised 
beyond the veliger stage, and it is not clear what happens 




The conclusions reached from the results of this 
investigation are summarized below.
1. Onchidoris fusca possesses a reproductive tract 
with only one sperm receptacle and a common vagina-oviduct 
and in this regard fits the description for reproductive 
systems given in Chambers' type I. This is contrary to the 
usual classification of dorids as type II.
2. Aeolidia papillosa has a definite ampulla, one 
sperm receptacle (the spermatotheca) ,‘ and a common vagina- 
oviduct, which makes it more like type I than the eolid 
type III.
3. In 0. fusca and frondosus the oviduct is a
distinct tube which is joined by a duct from both the al­
bumen and the mucus gland lumens. The oviduct does not 
become a part of either of these glands.
4. Areas of the oviduct in A^ pilosa show definite 
metachromasia in the lumen suggesting that one of the three 
layers around the egg at spawning comes from the oviduct.
5. The polysaccharides secreted by the albumen 
gland differ from those of the mucus gland in the number of 
sulfhydryl groups in their structure.
6. The sperm of A_;_ pilosa possess an elongated acro- 
some on the anterior tip of the head. The head itself has a 
corkscrew shape, and the tail is composed of nine outer 
filaments and two inner filaments. The mitochondria are 
found on either side of a granular thread which spirals down 
the tail. A proximal and a distal centriole are seen at the 
base of the head where the tail filaments attach.
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7. The spermatozoa have no endogenous source of 
energy, thus they must depend on exogenous nutrients, such 
as those found in the spermatotheca.
8. Self-fertilization is impossible because of the 
physiological immaturity of the sperm as they descend the 
hermaphrotic duct and are stored in the ampulla. Maturation 
is indicated by a change in the permeability of the sperm 
outer membrane, and the attainment of motility when the 
sperm reaches the spermatotheca.
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APPENDIX NO. I. EQUIPMENT
Dissecting Pan
Materials - plastic slide' box 
dissecting pan wax 
2 Magic-Rub, Faber-Castell erasers
Place enough melted wax into the bottom of the slide 
box to form a thin layer. Arrange erasers in position 
for pinning. Then pour in wax to almost reach the 
tops of tne erasers. Place a weight on the erasers 
to keep them from floating, then cool the wax.
P a r a f f i n  b l o c k  p r e p a r a t i o n




Insect pins No. 2
M i c r o p i p e t t e s  ( P a s t e u r  g l a s s  p i p e t t e s )
Microscopes
Wild microscope - regular binocular compound M.20 
Wild microscope - binocular stereo M.5 
Wild microscope - phase
Philips 100c Electron microscope 
Cameras
Nikon - strip film holder for microscope 




APPENDIX NO. II, PROCEDURES
Himes-Moriber Triple Stain (Himes and Moriber, 1956)
1. Air dried cryostat sections were fixed in 10% 
formalin.
2. Slides were placed in 1 N HC1 already at exactly 
60°C for exactly 12 minutes (Time and temperature 
are crucial here).
3. Rinsed well in water.
4. Placed in Azure - A Schiff1s solution for 5 minutes.
5. Washed twice, 2 minutes each time, in Bleach 
solution.
6. Placed in Periodic acid solution for 2 minutes 
and rinsed.
7. Placed in Basic Fuschin Schiff's reagent for 2 
minutes and rinsed.
8. Washed twice, 2 minutes each time, in Bleach 
solution.
9. Placed in a 2:100 solution of Naphthol yellow-S 
stock solution for 2 minutes, then rinsed.
10. Sections were dehydrated by 2 minutes in each of 
two changes of tertiary butyl alcohol.
11. Cleared in xylene and mounted in permount.
Toluidine Blue Stain (Humphries and Hughes, 1959)
1. Air dried cryostat sections were fixed in 10% 
neutral formalin.
2. Slides were placed in 0.037, toluidine blue in water 
. for 10 minutes.
3. Dehydration was done by passing slides through 507,, 
70%, 95%, and 1007, alcohols as quickly as possible. 
The stain is removed by prolonged time in alcohol.
4. Sections were cleared in xylene and mounted in 
permount.
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Sudan Black Stain (Barka and Anderson, 1963)
1. Air dried cryostat sections were rinsed in 707, 
ethanol.
2. Placed in a saturated 707. ethanol sudan black 
solution for 2-20 minutes. (This solution is 
saturated at 4°C and filtered at the same 
temperature).
3. Rinsed well in 707. ethanol.
4. Washed in tap water.
5. Counterstained in 27, neutral red for 2-5 
minutes.
6. Rinsed in distilled water and mounted in glycerol 
jelly.
Succinic D e h y d r o g e n a s e  L o c a l i z a t i o n  (W a lk e r ,  1963)
1. Air dried cryostat sections on slides were fixed 
in 17, formalin in sea water for 5 minutes.
2. Placed in nitro-BT and succinate incubating solu­
tion for 30 minutes at room temperature.
3. Fixed in 27, formalin and mounted in glycerol
jelly.
Alkaline Phosphatase Localization (Gomori, 1941)
1. Air dried cryostat sections on slides were incubated 
in a p-glycerophosphate medium for 1 1/2 hours at 
37°C. The pH was adjusted to 9.4.
2. Rinsed in 0.5 - 17, calcium chloride solution.
3. Placed in 27 cobalt chloride solution for 2 minutes.
4. Rinsed in several changes of distilled water.
5. P l a c e d  i n  a f r e s h  l i g h t  y e l l o w  ammonium s u l f i d e  
s o l u t i o n  f o r  1 m in u t e .
6. Washed in water and mounted in glycerol jelly.
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A d e n o s in e  T r i p h o s p h a t a s e  L o c a l i z a t i o n  (P a d y k u la  and Herman,
1955)
1. Air dried cryostat sections on slides were incuba­
ted in an ATP medium for 1 1/2 hours at 37° C. The 
pH was adjusted to 8.5.
2. Rinsed in 0.5 - 17o calcium chloride solution.
3. Placed in 27, cobalt chloride solution for 2 minutes.
4. Rinsed in several changes of distilled water.
5. Placed in fresh light yellow ammonium sulfide
solution for 1 minute.
6 .  Washed i n  w a t e r  and m ounted  i n  g l y c e r o l  j e l l y .
Preparation of Tissues for Electron Microscopy (personal
communication, Dr. L. Franklin)
It is important that all solutions, used up to the 
957, ethanol, be kept in the refrigerator and placed with 
tissue in a small test tube embedded in a container of 
crushed ice. Test tubes were kept corked.
1. Clumps of sperm were pipetted into test tube con­
taining cold 2.57. glutaraldehyde in sea water or
cold 37. glutaraldehyde plus acrolein for 1 1/2
hours.
2. The clumps were rinsed for 1/2 - 1 hour in several 
changes of cold filtered sea water.
3. Placed in cold 17. osmium tetroxide for 1 hour.
4. Transferred to cold 507, ethanol for 3-5 minutes, 
cold 707. ethanol for 3-5 minutes, 957, ethanol for 
5 minutes, at this point being allowed to rise to 
room temperature.
5. Placed in absolute ethanol for 2 hours at room 
temperature, with four changes.
6. Placed in propylene oxide for 30 minutes, with two 
changes.
7. Placed in a 1:1 propylene oxide and araldite mixture 
for 1 hour. Mix well by inverting test tube 
several times. Uncork once to prevent explosion.
8. One more part of araldite was added to the above 
mixture to make it 1:2. The tissue remained in 
this 4 hours or overnight.
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9. The tissue was placed in araldite for 4 hours or 
overnight if the above step lasted only 4 hours.
10. It was placed carefully in a capsule containing a 
. drop of freshly made araldite in its base. Here
a plastic beaker may be used to hold the araldite 
and tissue if the humidity is high. This insures 
better hardening of the plastic.
11. Enough araldite was poured in to fill capsule or 
cover tissues in the beaker, and then placed in an 
oven at 60°C for at least 48 hours or until hard.
Preparation of Grids for Electron Microscopy
1. Copper grids (75-100 mesh) were carefully washed 
in distilled water, and air dried away from dust,
2. Sections were placed on grids and placed section 
side down on a drop of 5% uranyl acetate in a 
covered petri dish for 5-30 minutes.
3. Sections were carefully rinsed in 3 changes of 
distilled water and drained.
4. They were placed on a drop of 57. lead citrate for 
1 / 2 - 1  minute. Sodium hydroxide pellets are 
placed in the closed petri dish during this step, 
in order to absorb the CO^ in the air.
5. Rinsed well with distilled water and allowed to 
dry in a covered petri dish before being placed 
in the microscope.
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APPENDIX NO , III, FORMULARY
Fixatives
Baker»s Formalin (Baker, 1946) 
Formalin................. 10 ml
Calcium chloride, 10%, solution. ... 10 ml
Distilled water 80 ml
(Powdered chalk in the solution helps to keep it)
Bouin's Fixative in Sea Water (Gurr, 1959)





Sudan Black (Barka and Anderson, 1963)
70% ethanol is saturated with sudan black at 4°C. 
The solution is filtered at the same temperature 
before use.
Toluidine Blue .03% (Humphries and Hughes, 1959)
Toluidine Blue...................03 gm
Citrate buffer pH 3.8.......... 100 ml







Add a few drops of 10%, potassium metabisulfite 
(K2S2O,-) before use.
Bleach Solution
1 N hydrochloric acid....









0.27. Sodium acetate....... 10 ml
Distilled water............90 ml
To be made up fresh each time.
Basic F u c h s i a  -  S c h i f f 1 s  r e a g e n t
Basic fuchsin 1 gm
Boiling distilled water 200 ml
Dissolve the basic fuchsin in the boiling water 
and cool to 52°C.
1 N Hydrochloric acid.......... 20 ml
Add to fuchsin solution and cool to 25°C.
Potassium metabisulfite.......... 1 gm
Add to solution and leave in dark 16-24 hours.
Add 2 gm of activated charcoal and keep in a dark 
bottle.
Naphthol yellow-S Stock Solution
Naphthol yellow-S 1 gm
1% Acetic acid 100 ml
Before using dilute to a 0.027o solution with 17, 
acetic acid.
Incubation Media
Succinic Dehydrogenase Incubating Medium (Walker, 1963)
Sorensen1 s phosphate buffer; pH 7.4.........100 ml
Sodium succinate.............................1.81 gm
Nitro-blue tetrazolium...................... 0.05 gm
Alkaline Phosphatase Incubation Medium (Gomori, 1941)
2% Sodium glycerophosphate..........8 ml
27. Sodium barbital.................. 8 ml
27. Calcium chloride..................4 ml
Distilled water.................... 20 ml
Adjust the pH to 9.4 with 1 N HCl or 1 N NaOH.
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Adenosine Triphosphatase Incubation Medium (Padykula 
and Herman, 1955)
Adenosine triphosphate salt 0.4 gm
0.1 M Sodium barbital solution 20 ml
0.18 M Calcium chloride 10 ml
Distilled water................ 30 ml
Adjust pH to 8.5 with 1 N. NaOH then bring up to 




Distilled water....... 60 ml




Add and mix well. Store in a small pyrex erlen- 
meyer flask. Warm slightly before use.
Araldite (resin mixture for Electron microscopy em­
bedding)
Araldite or Durcupan - ACM made by Fluka of 
Switzerland, comes in four different components 
which must be combined in the following propor­
tion just prior to use.
A .......... 10 ml
B  10 ml
M ix v e r y  w e l l .
C  3/10 ml
D  1/10 ml
Mix quickly.
If this mixture is to be kept over for a few hours
it must be kept in a dry environment such as an air
tight jar containing calcium chloride granules or 
silica gel.
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APPENDIX NO. IV. ABBREVIATIONS USED
ccl - ciliated columnar layer 
cml - circular muscle layer 
dc - distal centriole 
e - egg or ovum 
gt - granular thread 
h - head 
hd - hermaphroditic duct 
1 - lumen 
m - mitochondrium 
mg - mucus gland 
n - nucleus 
nc - nurse cell 
ne - neck 
o - oviduct 
p - penis 
pc - proximal centriole 
psd - polysaccharide droplet 
psh - penis sheath 
s - sperm 
sd - secretion droplet 
si - spongy layer 
t - tail 
tf - tail filaments
a c  -  a c r o s o m e  
a g  -  a lb u m e n  g l a n d  
c  -  c i l i a
t s h  -  t a i l  s h e a t h
v d  -  v a s  d e f e r e n s
w -  w a l l
